Backgroung: Children born preterm are at high risk for behavior problems at different ages. To better understand these problems, we examine the predictive biopsychosocial variables.
Preterm birth represents a high-risk factor for child development in several areas and at different ages 1, 2 . Preterm infants show great vulnerability for behavior problems with features dependent on the level of prematurity 3 . Children born preterm exhibited both externalized [3] [4] [5] and internalized behavior problems 6, 7 , as well as poor developmental selfregulation 8 and executive functioning 9 . With respect to externalized behaviors, attention problems were detected in children born preterm at pre-school age 3,10-12 and school age [13] [14] [15] . Furthermore, among the internalized behaviors, anxiety disorders are the dominant emotional problem 16 .
There remains a great challenge to understand the mechanisms of these behavior problems in this vulnerable population of children born preterm. Thus, individual and contextual variables should be examined regarding their influence on child behavior outcomes. On the one hand, temperament is an individual factor that could represent a relevant key to better understanding the emotional and behavioral problems in children. Temperament refers to individual differences regarding two broad aspects of behavior -as emotional motor and attentional reactivity and as a self-regulatory process that modulates such reactivity 17 . Temperament, which appears early in life, is influenced over time by heredity, maturation, and experience 18 .
The behavior problems are associated with temperament dimensions and traits related to child development. For example, a difficult temperament is associated with a high risk for behavior problems 19 , while a temperament with a low inhibitory control and a high level of anger and impulsivity at an early age is a predictor of externalized behavior problems for pre-school age children 20 . However, there are few studies regarding the relationship between behavior problems and temperament profiles among preterm children 21, 22 .
On the other hand, parenting care represents a relevant contextual factor that moderates child behavior outcomes. Parenting educational practices can effectively regulate children's emotional 23, 24 and behavioral responses 24 . In the vulnerable preterm sample, the sensitive
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and non-hostile parenting behavior of mothers moderated the association between early pain stress during the neonatal phase and later internalized behaviors at 18 months of age 7 . The relationship between child temperament and high behavior inhibitory control was a predictor of child anxiety disorders, and, interestingly, this relationship was exacerbated by the mother's anxiety and overly protective parenting behaviors 25 . Moreover, the maternal emotionrelated socialization behaviors were found to play a role in the toddlers´ self-regulation among low-income at-risk populations 26 .
In the literature, we detected well-established associations between child behavior problems, temperament traits, and educational parenting practices. However, to our knowledge, no studies have examined the associations between child behavior outcomes, child temperament, and mothers' temperament dispositional traits in preterm children. Thus, to better understand the mechanisms that explain the behavior problems in children born preterm it is relevant to consider together the temperament traits of both the children and their mothers/ caregivers. The aim of the present study is to examine the predictive effects of children's neonatal clinical status and children's and mothers' temperament on behavior problems of preterm children between the ages of 18 to 36 months. Additionally, the secondary objective is to estimate the prevalence of behavior problems among this sample.
METHODS
This is a longitudinal predictive study.
Participants
The sample of the present study included 40 children born preterm and who, at the time of the study, were between the ages of 18 to 36 months and their respective mothers. The inclusion criteria for the children were as follows: gestational age < 37 weeks, birth weight <1,500 grams, age 18 to 36 months and son of the biological mothers who were also the main caregivers of the children. The exclusion criteria were as follows: mothers with cognitive impairments and/or mental health
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Why was this study done?
To examine the predictive effects of neonatal clinical status and the temperament of the children and mothers on the behavior problems of children born preterm
What did the researchers do and find?
The temperament of the children was assessed using the Early Childhood Behavior Questionnaire, which comprises the negative affect, extroversion and effortful control factors and their domains. Behaviors were assessed using the Child Behavior Checklist 1 ½-5 (total, internalized, and externalized problems scores and classifications). The temperament of the mothers was assessed using the Adult Temperament Questionnaire. All instruments were applied through interviews with mothers. The prediction analysis revealed that the internalized behavior problems were explained significantly by children's temperaments with more fear (negative affect) and less by mothers' temperament with inhibitory control (effortful control factor). The externalized behavior problems were explained significantly by greater time spent in the neonatal intensive care unit, less effortful control of children's temperament and less mothers` temperament inhibitory control..
What do these findings mean?
The behavior problems of children at toddlerhood who were born preterm were explained by high neonatal clinical risk as well as by the temperament dispositional traits of both the children and the mothers. The findings is relevant to be considered in the follow-up preventive programs os premature infants axes (externalizing and internalizing behavior problems) as well as seven scales (emotionally reactive, anxious/ depressed, somatic complaints, withdrawn, attention problems, aggressive behavior, and sleep problems). The results are expressed as normalized T-scores as follows: normal (T-score < 65), borderline (T-score 65-69), and clinical (T-score ≥ 70), i.e., the higher the score, the more disruptive the behavior. According to the author, the score may be applied to establish a dichotomous demarcation between disruptive and non-disruptive behavior by clustering borderline and clinical classifications vs. normal classification.
The Adult Temperament Questionnaire (ATQ) 30 . The ATQ was translated and adapted to Portuguese language (Brazil), with authorization of the authors, by Scott et al, 3 . This is a self-report tool that assesses the temperament of adults. The domains assessed by the instrument are include anxiety, attention problems and hyperactivity, depression and mood swings, personality traits, risk taking, impulsive behavior, and social interaction. The Questionnaire Hierarchical Listing of Scales includes four factors and their respective dimensions: negative affect (fear: negative affect related to the anticipation of distress; sadness: negative affect and reduced mood and energy levels related to the exposure to suffering, disappointment, and object loss; discomfort: negative affect related to sensory qualities of stimulation including intensity, rate and complexity or visual, auditory, smell/taste, and tactile stimulation; frustration: negative affect related to interruption of ongoing tasks or goal blocking); extraversion/surgency (sociability: enjoyment derived from social interactions and being in the presence of others; positive affect: latency, threshold, intensity, duration, and frequency of experiencing pleasure; high intensity pleasure: pleasure related to situations involving high intensity, rate, complexity, novelty, and incongruity); effortful control (attention control: capacity to focus attention as well as to shift attention when desired; inhibitory control: capacity to suppress inappropriate approach behavior; activation control: capacity to perform an action when there is a strong tendency to avoid it); orienting sensitivity (neutral perceptual sensitivity: detection of slight, low intensity stimuli from within the body and from the external environment; affective perceptual sensitivity: spontaneous emotional valence, conscious cognition associated with low intensity stimuli; associative sensitivity: spontaneous cognitive content that is not related to standard associations with the environment). The ATQ uses the following Likert scale: (1) extremely untrue of you, (2) quite untrue of you, (3) slightly untrue of you, (4) neither true nor false of you, (5) slightly true of you, (6) quite true of you, (7) extremely true of you.
Structured Interview for DSM-III -R -Non-patient version (SCID/NP) 31 . Interview guide for mental health screening of mothers. Brazilian Association of Market Research Companies (Associação Brasileira das Empresas de Pesquisa) -Criteria for Economic Classification in Brazil (Critério de Classificação Econômica Brasil -CCEB) 32 . Data are based on the 2003 Socioeconomic Survey by IBOPE (Brazilian Institute of Public Opinion and Statistics/Instituto Brasileiro de Opinião Pública e problems and/or mothers taking medications that affect their level of conscientiousness as these factors could interfere negatively on the mothers` perceptions when reporting data.
The children were born in a university hospital in southeastern Brazil (Hospital of Clinics, Ribeirão Preto Medical School, University of São Paulo). The sample was generated based on a search performed in the register of the Neonatology Division of the Department of Pediatrics and the outpatient-integrated system of the hospital. We identified 177 eligible participants in one year of data. Of these, 71 mothers could not be located. Of the 106 remaining participants, three mothers refused to participate in the study, five mothers could not participate because they presented with cognitive impairments, and 58 mothers did not attend the appointment for the assessment. Thus, the final sample was comprised 40 children and their mothers.
Ethical Issues
The study was approved by the Research Ethics Committee of the Hospital of Clinics of the Ribeirão Preto Medical School, University of São Paulo at Ribeirão Preto (SP, Brazil). The children's mothers signed informed consent forms.
Instrument and Measures
The Early Childhood Behavior Questionnaire -(ECBQ) 27 . (see "Mary Rothbart's Temperament Questionnaires". This questionnaire is composed of 201 items that assess 18 dimensions of temperament in children aged 18 to 36 months. Parents or caregivers were asked to assess the frequency of a given reaction exhibited by their children in specific contexts over the two previous weeks. These assessments were scored on a Likert scale that ranged from one (never) to seven (always). Factorial analysis disclosed the following three-factor structure: negative affectivity (discomfort, fear, frustration, sadness, motor activation, shyness, perceptual sensitivity, as well as an inverted score for soothability); surgency/ extraversion (activity level, high-intensity pleasure, positive anticipation, impulsivity, and sociability); and effortful control (inhibitory control, low-intensity pleasure, cuddliness, attentional shifting, and attentional focusing). According to Putnam et al. 27 , the internal consistency of the scales varied from 0.57 to 0.90 (mean = 0.81), and the inter-respondent agreement varied from 0.09 to 0.57 (mean r= 0.39). According to Klein & Linhares 28 , the internal consistency of the scales in the Brazilian population, which included a sample from the present study, varied from 0.43 to 0.88 (mean = 0.72).
The Child Behavior Checklist for Ages 1.5 to 5 -CBCL 1½ to 529. The CBCL 1½ to 5, a children's behavior inventory for children aged 18 months to 5 years old, is assessed using parental reporting. Informants assess 99 items related to the behaviors their children have exhibited during the preceding two months using the following scale: 0= not true, 1= somewhat or sometimes true and 2= very true or often true for the child. The CBCL 1 ½ -5 allows for the quick acquisition of standardized assessments and descriptive details of the children's functioning based on the parents' assessments, and it includes two Estatística). This questionnaire assesses the socioeconomic level of Brazilian families according to the following seven-level ordinal scale where higher scores indicate a higher socioeconomic level: A1 (30-34), A2 (25) (26) (27) (28) (29) , B1 (21) (22) (23) (24) , B2 (17) (18) (19) (20) , C (11) (12) (13) (14) (15) (16) , D (6-10), and E (zero-5). This questionnaire includes questions, such as "What is the educational level of the head of the household?" and "How many televisions do you have in your home?"
Data Collection
The mothers were invited to participate in the study and freely signed the informed consent prior to their participation. First, to determine the mental health history of the mothers, we applied the SCID-NP. Second, if the mothers and children met the inclusion and criteria, they were included in the sample study. The mothers were interviewed individually to assess their children's behavior using the CBCL 1½ to 5 scale, their children's temperament using the ECBQ scale, and their own temperament using the ATQ scale. The instruments were applied in an alternate order to avoid carry-over effect, and two specialists of pediatric psychology who also possessed expertise and training in psychological assessment collected the data.
Data Analysis
The descriptive statistical analysis was performed, and the prediction models of child behavior problems exhibited at 18 to 36 months of age were analyzed using multiple linear regression analysis. The outcomes include the CBCL 1½ to 5 scores for total behaviors, externalized behaviors, and internalized behaviors. In the prediction analyses, the multicolinearity test was first performed to avoid predictor variables with a strong association between each other in the same model (VIF ≥ 5). Second, the Pearson correlation test was performed among the predictor variables (gestational age, length of stay in neonatal intensive care unit/NICU, and temperament factors and dimensions of children and mothers) and the child behavior problem outcome (predictive variable). Only the predictor variables that presented a statistically significant association (p ≤ 0.05) with the outcome variable were tested in the prediction analysis. Finally, the best model for each outcome tested was the model that exhibited the highest explanatory power (R²) that was composed of the prediction variables that presented statistical significance. The data were analyzed using the Statistical Package for Social Sciences (SPSS, version 19.0; Chicago, IL, USA), and a significance level of 5% was adopted for the study (p ≤0.05).
RESULTS
Sample characteristics
As presented in Table 1 , the preterm children born in the present study had a mean birth weight of 1,159 grams and a mean gestational age of 30 weeks, thus indicating the presence of extreme pre-term in the sample. The mean length of stay in the NICU was 24 days. The mean age of the children on the day of assessment was 25 months, with a range from 18 to 36 months.
Complementing the information in Table 1 and focusing on the socio-demographical characteristics, the educational attainment levels of the mothers are as follows: 23 mothers (58%) had only an elementary school level of education, 11 mothers (27%) had a high school level of education, and six mothers (15%) had a college level of education. With respect to employment, 45% of the mothers were employed, while 55% were housewives. Of the mothers in the study, 82% indicated they were in a stable marital relationship. With 80% of the families grouped in the C and D socioeconomic levels, the families were predominantly of low-income status (monthly family income ranging from US$ 212.00 to US$ 522.00 (1 BRL value = US$ 2.31). Table 2 indicates that the surgency temperament factor received the highest scores in comparison to the other two factors, at approximately 5 on a 1 to 7 scale, in preterm children aged 18 to 36 months. The negative affectivity temperament factor and its dimensions presented moderate scores of 3 and 4. However, the perceptual sensitivity dimension exhibited a higher score in comparison to the other dimensions with respect to this factor. The effortful control temperament factor also revealed moderate scores, showing high scores in dimensions that contribute to positive behavior regulation processes, albeit, in this temperament factor, the inhibitory control dimension showed lower scores compared to the others. 
Child temperament
Child behavior problems
In Table 3 , the CBCL 1½ to 5 presented total scores below 65 for the, internalizing and externalizing of behavior problems in preterm children aged 18 to 36 months. The externalizing problems received the highest scores in aggressive behavior.
In addition to the data in Table 3 , the clinical levels of the preterm children`s behavior problems are as follows: 19 children (47%) -total behaviors, 19 children (47%)externalizing axis, and 13 children (32%) -internalizing axis. It is noted that the prevalence of externalized behaviors was higher than that of the internalized behaviors. 
Predictive models of child behavior problems
The total behavior problems of children born preterm was predicted in 18% of the sample using the temperament variable frustration (negative affectivity factor) (β = 0.45; p ≤ 0.003). The higher the frustration levels evident in children's temperaments, the higher behavior problems for those children when they were between 18 and 36 months of age (Table 4 ).
As presented in Table 4 , the internalizing behavior problems as well as the anxiety and depression problems in children born preterm were predicted in 22% of the sample based on children`s temperament with respect to fear (negative affectivity factor) and the mothers` temperament with respect to their inhibitory control (effortful control factor). Thus, the higher the level of fear in the children's temperament and the lower the level of inhibitory control of the mothers, the greater the children's internalizing behavior problems when they were between 18 and 36 months of age. Moreover, the children`s emotional reaction problems were explained by four variables of temperament -children`s fear, motor activity, soothability and mothers` inhibitory control. The higher levels of fear and motor activity combined with lower levels of soothability are associated with the mothers' lower levels of inhibitory control, and thus, with increased emotional reaction problems in preterm children aged 18 to 36 months. In all three models of prediction, the mothers` temperament dimension demonstrated the highest weight in explaining children's behavior problems on the internalization axis ( Table 5 ). Table 5 indicates that the externalized behavior problems, and in particular aggressive behavior, in children born preterm was predicted in 46% and 45%, respectively, by the preterm infants' length of stay in the NICU, the children`s effortful control temperament factor, and the mothers` inhibitory control temperament. That is, the longer the stay in the NICU during the neonatal phase, which is associated with children's lower levels of effortful control during toddlerhood and the mothers` inhibitory control, the greater the externalized behavior problems in preterm children aged 18 to 36 months. In these two models of prediction, the mothers` temperament dimension presented the highest weight with respect to explaining the children's externalized behavior outcomes. Finally, the attention problems in children born preterm were predicted in 27% of the sample based on the length of time in the NICU and the mothers` surgency temperament factor such that the longer the stay in the NICU and the higher the mothers` surgency score, the more severe the attention problems in preterm children aged 18 to 36 months. 1-7) . ATQ -The Adult Temperament Questionnaire (score 1-7).;R² adjusted -coefficient adjusted for sample size. B -coefficient non -standardized. β -standardized coefficient IC-confidence interval (95%). Min -minimum. Maxmaximum value Table 5 : Predictive models of externalized behavior problems in children born preterm between 18 to 36 months of age.
Predicted variables
DISCUSSION
The prevalence rates of behavior problems in preterm children aged 18 to 36 months were 47% for total behaviors, 47% for externalized behavior problems and 32% for internalized behavior problems at the clinical level. Moreover, the prevalence of behavior problems in the present preterm sample was higher in comparison to children born full term 1, 33, 34 . Of note is that the sample of the present study had high-risk neonatal clinical status with a mean of 1,159 grams and 30 weeks gestational age, which represents an extreme preterm status. Those infants in the sample who presented as extremely preterm and of very low birth weight usually exhibited more behavior problems throughout the development trajectory than did children born full-term 34 and children born late/moderate preterm 35 .
The present findings add to the literature that examines the prediction models of behavior problems in preterm children at toddlerhood. The models combined various relevant variables of children's neonatal clinical status and their temperament dispositional traits at toddlerhood as well as the temperaments of the mothers. The models of prediction regarding total behavior problems showed that 18% of the problems were explained by the frustration dimension in children born preterm. Frustration, a dimension of the negative affect factor, was related to interruption of an ongoing task or objectives 27 .
Focusing on the internalized axis, 22% of the behavior problems were explained by children's fear, which is a dimension of the affect negativity temperament factor and the mother's inhibitory control, which is a dimension of the effortful control temperament factor. The higher the child's fear dimension combined with the mother's low level of inhibitory control, the higher the internalizing behavior problems. Mothers who had difficulty with inhibitory control failed to regulate and moderate their own behaviors as well as the behaviors of their children. In addition, these same factors explained 36% of preterm children's anxiety and depression symptoms according to the DSM-IV scales of the CBCL 1 ½ -5. Children who fail to control negative affective behaviors experience limitations in exhibiting adaptive behaviors in social interactions 36 . Furthermore, the inhibition of emotional expressions, such as anger and sadness, provoke high levels of internalized behavior problems along with anxiety and symptoms of depression 37 . The extremely low gestational age infants showed greater emotional reactivity and more self-comforting behaviors than did the very low gestational age infants 38 .
The mothers` temperament tended to influence their children's behaviors. Very low gestational age children whose mothers were less responsive and sensitive in their interactions with their infants at three months of age, showed internalized behavior problems at 8 years of age 39 . Mothers who demonstrated overly protective behaviors associated with anxiety symptoms negatively affected on children's development 25 . Conversely, mothers who exhibited an effortful control temperament factor and who spent more time with their children positively impacted the effortful control temperament trait in their children at 18 months of age 40 . The mothers` behaviors could either exacerbate or buffer the risk factor with respect to the development of preterm infants, depending on the parenting educational practices they have adopted 41 .
The higher the maternal sensitivity, the fewer the internalized behaviors problems in preterm children. However, mothers with less sensitivity had children with more difficult temperaments and more behaviors problems 42 . The mothers of children who are more withdrawn must encourage spontaneity and behavior choices in their children 43 . These findings support the relevance of the parents` stimulation, and they especially emphasize that the mothers` behaviors may impact their children's behaviors.
Regarding the externalized behaviors, 46% of these problems, and more specifically 45% of aggressive behaviors, were explained by the following variables: length of stay in the NICU, children`s effortful control at toddlerhood and maternal inhibitory control. Furthermore, the externalized behavior problems in children born preterm were explained by the length of stay in the NICU together with the temperament traits of children's effortful control and mothers' inhibitory control. The longer the stay in the NICU combined with lower levels of children's effortful control and lower levels of maternal inhibitory control, the higher the externalized problems of the preterm children. It is relevant to note that the maternal temperament trait was the main variable in explaining the externalized behavior problems of preterm children in the present study. The length of stay in the NICU is a strong parameter regarding the criticality of the illness of the preterm infants in the present study during early development stages, which is consistent with the high-risk profile of the present sample.
As evidenced in the literature, children born preterm presented more externalized problems than did their fullterm counterparts 44 . On the other hand, taking the effortful control temperament dispositional traits of children and mothers together could contribute to a better understanding of the externalized behavior problems. The low effortful control factor included low intensity pleasure, inhibitory control, and focalization of attention, all of which predicted externalized behavior problems 45 .
Additionally, in the present study, the attention problems in children born preterm were explained by their length of stay in the NICU combined with the mothers` surgency temperament dimension variables. Children born preterm with low birth weight, in comparison to fullterm children, presented more attentional problems, more internalized behaviors, and poorer executive functioning 46 .
The mothers who experienced difficulty in stopping or moderating their undesirable behaviors also exhibited problems regulating the emotions and behaviors of their children 47 . The mothers of children born preterm, in comparison to their full-term counterparts, offered less support to their children and were more intrusive, frequently interfering with their children's autonomous behavior 48, 49 . The higher the level of extraversion and the lower the effortful control in children, the higher the aggressive behaviors exhibited in school 50 . Maternal intrusiveness and harsh control were related to increased levels of expressed anger among toddlers, while maternal sensitivity was related to lower levels of child anger, increased play behaviors and higher levels of attention manipulation 51 . Moreover, children born preterm demonstrated less maternal scaffolding, less emotional regulation, more negative affect, and less mutual enjoyment in play situations than did their full-term counterparts 52 .
As previously demonstrated, the maternal emotional related socialization promotes the development of an early self-regulatory system, thus contributing effectively to children's emotional social development 26 . Children's temperaments were influenced by the quality of their interactions with their mothers, and the maternal sensitivity and responsiveness were predictors of the sensitivity perceptual dimension of temperament of infants at 12 months of age 53 . The mothers with high sensitivity and responsiveness were better able to interpret precisely the responses of their children and consequently to direct their attention to the stimulus. These mothers` behaviors promote the attention competence in children associated with their perceptual sensitivity.
The findings of the present study show the relationship of mothers` dispositional traits related to temperament and children`s behavior during toddlerhood. The mothers of the present study do not support the behavior of children born preterm, which could be a risk factor that exacerbates negative excitement among children, and consequently, this could negatively influence the self-regulation developmental process. The quality of mother-child interactions at early ages promotes effective child development 54, 55 . Caregivers sensitive to behavior hints were efficacious in reducing distress and negative emotions of children56. Accordingly, mothers act as external co-regulators of children's behaviors, thus promoting development, particularly as it relates to the self-regulation process 56, 57 .
The present study has some limitations. First, the present study analyzed a convenience sample. Second, temperament and behavior problems were assessed by a single informant`s report based on the perception of the mothers. Third, the children`s temperaments were assessed through hetero-report questionnaires and did not use complementary data from structured observations. Future studies should be addressed the following aspects: a) longitudinally temperament and behavior problems assessment to examine the stability of the present findings throughout childhood development, b) combine the assessment of temperament using both interviews and observational procedures, c) employ multiple informants to assess consistencies among the data provided by the
